Metformin restores responses to insulin but not to growth hormone in Sprague-Dawley rats.
Administration of growth hormone (GH) increases muscle mass in F344 x BN rats, but not in Sprague-Dawley (S-D) rats. S-D rats are insulin-resistant and insulin responsiveness is required for the anabolic actions of GH. We hypothesized that correction of insulin resistance with metformin might also restore anabolic effects of GH. Treatment with GH (0.25 or 1.0 mg/kg twice daily for 9 days) had limited anabolic effects, reducing weight gain by 14%, increasing muscle glycogen content by 40% and increasing exercise capacity by 24%, but failing to increase muscle mass or to reduce fat mass. GH also impaired insulin responsiveness and increased visceral fat TNF content of visceral fat by 77%. Metformin enhanced insulin responsiveness in skeletal muscle, but failed to enhance anabolic effects of GH. Rats aged 14 weeks were treated for 21 days with metformin (320 mg/kg/day) and for the last 9 days, with GH (0.25 mg/kg, twice daily). Metformin caused a 2.3-fold increase in insulin-stimulated muscle glucose transport and a 20% reduction in muscle fatty acid oxidation, indicating increased glucose utilization. However, metformin did not augment GH-induced weight reduction. Metformin decreased visceral fat by 22% and subcutaneous fat by 20%, but no decreases were observed in the GH/metformin group. GH increased muscle glycogen by 40%, but the effect was reversed by metformin. VO(2max) was increased 24% by GH and 17% by metformin, but was not elevated in the GH/metformin group. GH increased TNF in visceral fat and the effect was augmented by metformin (144% increase). We conclude that metformin enhances some aspects of insulin responsiveness, but does not enhance anabolic responses to GH. The latter may, in part, be explained by the failure of metformin to prevent GH-induced elevation of TNF in visceral fat.